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Description

The present invention relates fo organopolysiloxane-polyoxyalkylene emulsifiers for polar in nonpolar
liquid emulsions, e.g., water in oil. While such emulsifiers have a wide variety of applications, it has been
found that they do not reliably stabilize emulsions which are used in high temperature applications or which
are subject to exireme temperature variations in use or storage.

For example, it has been suggested that organopolysiloxane-polyoxyalkylene emulsifiers be used to
stabilize heavy brine in oil emulsions used in various oil field applications. However, such emulsions are
subject to temperatures of 120 - 290° C (250 to 550°F). and to substantial pressures, e.g., 2.04*108 Pa
(30,000 psi) and higher.

In EP-A-0 059 037 the preparation of emulsions of light and heavy brines in a liquid hydrocarbon is
described, using a polydiorganosiloxane bearing at least one polyoxyalkylene radical and at least one
monovalent hydrocarbon radical having from 6 to 18 carbon atoms. The emulsions are useful in well-drilling
art as drilling fluids, completion fluids, packer fluids, spacer fluids and workover fluids because of their
thermal stability and because they can be formulated to have a relatively high density, with or without
added weighing agents.

From EP-A-0 176 884 the use of organopolysiloxane-polyoxyalkylene copolymers having a long-chain
alkyl group bonded to at least one silicone atom as emulsifier in water-in-oil emulsions in an amount of 0.3
to 5 percent by weight is known. These emulsions are characterized by a high freeze thaw stability.

In US-A-4,520,160 a method for preparing an organopolysiloxane-polyoxyalkylene copolymer composi-
tion for use as an emulsifier in personal care compositions, comprising reacting an organohydrogen
polysiloxane reactant in the presence of a noble metal-containing hydrosilylation catalyst is disclosed. This
method is particularly effective in the presence of saturated higher alcohols. Polyoxyalkylene reactants
containing two olefinic end groups can also be used.

It has been found that existing organopolysiloxane-polyoxyalkylene emulsifiers do stabilize such
emulsions sometimes, but not reliably on a repeat basis.

Similarly, some emulsion products must withstand freeze thaw stability variations of from as much as
-20°C. to as much as 60°C. One test specified by some manufacturers requires that such emulsions
remain stable after cycling from -12°C. to room temperature every day for 28 days. As above,
organopolysiloxane-polyoxyalkylene emulsifiers are sometimes operable in such environments, but not
reliably so.

Too often, emulsions stabilized by organopolysiloxane-polyoxyalkylene emulsifiers break down when
subjected to conditions such as those described above. It is believed that no suitable explanation for the
spotty performance of such emulsifiers has heretofore been offered. Nor has any solution to the problem
been effected.

These problems are solved by an organopolysiloxane-polyoxyalkylene-emulsifier comprising:
at least two organopolysiloxane-polyoxyalkylene molecules cross linked by a cross linking radical -CHa-
CHR;-R'-CHR1-CH2- having saturated SiC bonds to the organopolysiloxane-polyalkoxylene molecules,
where R' is selected from the group consisting of organic Ci to Cio alkylene, cycloalkylene, divalent
aromatic radicals, -CH2-O-CHz- and organosiloxane radicals, where R; is independently selected from the
group consisting of the hydrogen atom and 1-3 carbon aliphatic radicals, the bonds to the
organopolysiloxane-polyoxyalkylene molecules and the internal bonds of the cross linking, radical being
non-hydrolysable under conditions inducing hydrolysis, which could result in the separation of the two
organopolysiloxane-polyalkoxylene molecules.

In the present invention, we have discovered that the key to obtaining organopolysiloxane-polyoxyal-
kylene emulsifiers which will reliably stabilize polar in nonpolar emulsions under the conditions described
above is to provide for a degree of cross linking between organopolysiloxane-polyoxyalkylene molecules
with cross linking radicals having nonhydrolyzable bonds both internally and to the organopolysiloxane-
polyoxyalkylenemolecules. The production of the organopolysiloxane-polyoxyalkylene must be effected in
such a way as to insure that cross linking occurs. The cross linking bridge is nonhydrolyzable so as to
resist disintegration in the presence of water under the extreme conditions described above.

These and other objects, advantages and features of the invention will be more fully understood and
appreciated by reference to the appended drawings and written specification.

Fig. 1 shows the differential thermal analysis graphs for an emulsion stabilized using a prior art emulsifier
which has been cycled through six freeze thaw cycles;

Fig. 2 shows the differential thermal analysis graphs for an emulsion stabilized using a prior art emulsifier
which has been cycled through six freeze thaw cycles, wherein the prior art formulation is made in the
same manner and in accordance with the same formulation as that used for Fig. 1; and
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Fig. 3 discloses the differential thermal analysis graphs for an emulsion stabilized by an emulsifier made
in accordance with the present invention which has been cycled through six freeze thaw cycles.
The preferred embodiment cross linked organopolysiloxane-polyoxyalkylene is of the following general

formula:

ME ME ME

R"'(ME)ZSiO(%iO)x(%iO)C (%10)z
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- - - - - L}
9-CH,-0),(CH,-CH-0), R
where

ME = CHgs-;

R = 2 1o 25 carbon aliphatic radical;

R' = organic or organosiloxane group as defined before which contains no hydrolyzable bonds,
is not adversely reactive with the ingredients the emulsifier is to stabilize and does not
interfere with the organopolysiloxane-polyoxyalkylene formation;

R" = a terminal group which is not adversely reactive with the ingredients the emulsifier is to
stabilize and does not interfere with the organopolysiloxane-polyoxyalkylene formation;

R"™ = 1 to 25 carbon aliphatic radical, which can be different for each different location;

R4 is independently selected from the group consisting of the hydrogen atom and 1-3 carbon
aliphatic radicals, which can be different for each different location;

X = 0-100;

c 1-5;

z = 0-600;

y = 1-10;

X+ty+zz2 40;

a= 4-40;

b= 0-40;

22 1.

The aliphatic radicals represented by R may include any of the C, to Czs open-chain parafin olefin, and
acetylenic hydrocarbons with parafinic hydrocarbons being preferred such as, for example, ethyl, propyl,

hexyl, decyl, dodecyl, octadecyl, and eicosy!.

The organic groups represented by R' is selected from the group consisting of Cy to Cio alkylene
radicals such as methylene, dimethylene, trimethylene, pentamethylene and decamethylene; cycloalkylene
radicals such as cyclohexylene; divalent aromatic radicals such as p-phenylene or o-phenylene; and the

radical -CH,OCHa- .

The terminal group represented by R™ may include acyl radicals of Ci to Czo, for example, acetyl,
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propionyl, butyryl, isobutyryl, lauroyl, myristoyl, and stearoyl 3-carboxypentadecanoyl; alky! radicals of Ci to
Cio such as methyl, ethyl, propyl, butyl, and decyl; and the hydrogen atom. Other terminating groups
possessing substantially the same properties as the above illustrative examples and which are prepared in a
similar manner and which function in an equivalent manner may also be used.

The aliphatic radical represented by R may include any of the radicals illustrated above for R, but also
includes the methyl radical.

The unit of the cross linking radical represented by R1 may include the hydrogen atom and monovalent
C, to Cs aliphatic radicals such as methyl, ethyl and propyl.

The cross linking bond is not hydrolyzable, and R' contains no hydrolyzable bonds. It is recognized that
similar emulsifiers wherein the polyoxyalkylene units are attached to the organopolysiloxane units via SiOC
bonds are useful in applications not requiring extended stability under conditions where hydrolysis may
occur. It is further recognized that such emulsifiers containing cross links formed by SiOC bonds offer
benefits of improved emulsion stability and consistency in such applications not requiring extended stability
under conditions where hydrolysis may occur. In conventional organosiloxane-polyoxyalkylenes, some cross
linking may accidentally occur where the polyoxyalkylene is hydroxy terminated at one end. The hydroxy
group may react with a silicon hydride creating a polyoxyalkylene bridge between two silicon backbone
molecules as shown below:

ME ME ME
| | |
R (ME)ZSiO(TiO)x(?iO)z(?iO)ySi(ME)ZR"'
R ME (I:HZ
f“z
f“z
0
|
(CH,-CH,-0) _
I
(‘lmz‘m'o)b
f“z
ME-CH
|
0
ME ME ME

I l
R"'(ME)ZSiO(Tio)x(?io)z(?iO)(éiO)(y_l)Si(ME)ZR"'
ME  ME éu

22

2
2
2
ME ME
| |
0- (CH,-CH,0) , (CH,-CH-0), -CH,CH-O0H

However, the degree to which this cross linking may occur in the reaction process is not reliably
predictable. Further, the SiOC bond formed at the hydroxy end of the bridge is subject to hydrolysis,
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especially under the extreme operating conditions described above.

In contrast, the bridge bond of the organopolysiloxane-polyoxyalkylene of the present invention is a
saturated carbon-silicon bond which is not hydrolyzable and is highly stable. Further, the organic or
organosiloxane body R' of the cross linking bridge is selected to be free of hydrolyzable bonds. It is also
important that it be free of reactive sites which would react with ingredients incorporated into the emulsion
to be emulsified. Further, R' should not interfere with the organopolysiloxane-polyoxyalkylene formation in
any way.

A preferred cross linking radical is a vinyl terminated organosiloxane. An organosiloxane bridge
cooperates with the siloxane backbones which it bridges to create a siloxane network at the interface of
water and oil in the emulsion. This network is thought to be important in effecting the stabilizing properties
and characteristic of the present invention. The most preferred organosiloxane cross linking material is
tetramethyldivinyldisiloxane of the following formula:

2
a—o—g—g—g
2

2
2

A2

2

The organopolysiloxane-polyoxyalkylene molecules which are cross linked must themselves be soluble
in nonpolar liquid. If the organopolysiloxane-polyoxyalkylene is readily dispersible in a nonpolar oil in a
manner comparable to solubility, it is also considered "soluble" as that term is used herein. In order to
effect such nonpolar oil solubility, the characteristics of the siloxane backbone may be muted either by the
presence of aliphatic radicals appended to the siloxane backbone, or by the presence of a significant
number of dimethyl siloxane groups in the siloxane chain, or both. The appended polyoxyalkylene groups
also enhance nonpolar oil solubility, though a quantity of either the dimethyl! siloxane groups, the aliphatic
groups or both are required in excess of the number of polyoxyalkylene groups included in the molecule.
Hence, the number of siloxane groups to which an aliphatic radical is appended is from 0 to 100. The
number of dimethyl siloxane groups is from 0 to 600. The number of polyoxyalkylene appended siloxane
groups is from 1 to 10. The combined fotal of those three different types of organo-substituted siloxane
groups is at least 40, thereby requiring at least some dimethyl siloxane groups or aliphatic siloxane groups,
or both in addition to the polyoxyalkylene siloxane groups.

The general formula of the preferred embodiment cross linked organopolysiloxane-polyoxyalkylene
illustrates two organopolysiloxane-polyoxyalkylene molecules bridged by a single linking radical. However,
where C is greater than 1, there may be more than one cross linking bridge between adjacent
organopolysiloxane-polyoxyalkylene molecules, and/or there may be more than two organopolysiloxane-
polyoxyalkylene molecules linked together in the manner set forth below:



10

15

20

25

30

35

40

45

50

55

EP 0 298 402 B1

ME ME ME ME

| |
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ME CH2 ME ME ME
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=,
Y
wi -
CHZ 0- (CHZ-CHZ-O)a(CHZ-CH-O)bR"
ME ME ME ME
ME3Sio(%iO)x(%io)c_l(TiO)(%10)2(%10)ysiME3
(I:HZ ME ME (I'JHZ
CHR, f“z
. o, -
0- (CHZ-CH2-0)a(CH2-CH-O)bR"

The exact number of organopolysiloxane-polyoxyalkylene polymer molecules which will be bridged
together will probably be no more than about 6. One limitation on such cross linking is that the overall
molecular weight must not become so great as to cause the material o gel. The extent of cross linking
must thus also be regulated relative to the molecular weight of each individual organopolysiloxane-
polyoxyalkylene polymer molecule being cross linked since the overall molecular weight must also be
maintained sufficiently low to avoid gelling. A higher molecular weight in each individual polymer unit would
require that there be less multiple cross linking between units.

In the broadest aspects of the invention, it can be said that there are from 1 to 5 cross linking bridges

between 2 polymers, or where C is greater than 1, cross linking bridges between 3 to 6 polymer units.
The organopolysiloxane-polyoxyalkylene emulsifier of the present invention is produced by a method
comprising intentionally cross linking at least two organopolysiloxane-polyoxyalkylene molecules with a
cross linking compound of the formula CH, = CHR;-R'-CHR; = CHz, with R' and R; as defined in claim 1,
the reactive terminal vinyl groups at each end being capable of forming saturated SiC bonds, the bonds to
the organopolysiloxane-polyalkoxylene molecules and the internal bonds of the cross linking radical being
non-hydrolysable under conditions inducing hydrolysis, which could separate and breach the link between
the two organopolysiloxane-polyalkoxylene molecules.

The production of silicone emulsifiers in accordance with the present invention involves the «-olefin
addition of the desired aliphatic groups (R), the cross linking material and the polyoxyalkylene group fo a
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siloxane polymer backbone having the following general formula:

bldE ME
|
R"‘(l‘*ﬂ.‘:)2 SiO(S'iO)( xecey) (S:i.O)z S.’L(MF..)2 R™
1
H ME
where
X = 0-100;
c = 1-5;
y = 1-10; and
z = 0-600.

The radical precursors must be vinyl terminated. For example, where a 12 carbon aliphatic radical R is
desired, 1-dodecene is used as the radical precurser in the reaction. The vinyl terminated cross linking
compound has been discussed above. The polyoxyalkylene is similarly vinyl terminated at one end.

A portion of the aliphatic radical precursor is first added to the siloxane polymer backbone material
along with a suitable hydrosilation catalyst under a nitrogen atmosphere. Only a portion of the aliphatic
radical precursor is reacted first in order to be certain that sufficient silicon hydride reaction sites remain for
the addition of the cross linking agent and the polyoxyalkylene.

The divinyl cross linking agent is reacted next, again in the presence of an appropriate hydrosilation
catalyst and heat. Then the vinyl polyoxyalkylene is added to the reaction vessel and reacted using an
appropriate catalyst and heat. Finally, the remainder of the aliphatic radical precursor is added to the
reaction vessel and reacted with the remaining siloxane hydride reaction sites.

The emulsion compositions of the present invention are of the polar in nonpolar liquid type, e.g., water
in oil, wherein the dispersed phase is a polar liquid and the continuous phase is a nonpolar liquid. By polar,
we mean a substance which has a permanent dipole moment. By nonpolar, we mean a substance that has
a sufficiently low degree of polarity that the polar liquid is not soluble in the substance. Nonpolar
substances include substances having no permanent dipole moment in the molecule, and also substances
which may have a site within the molecule having a permanent dipole moment but where the major portion
(greater than 50%) of the molecule does not contribute to the permanent dipole moment so that the general
characteristics of the substance are more representative of the nonpolar portion of the molecule. The polar
liquid may be any suitable liquid composition which is insoluble at room temperature in the base nonpolar
oil. The polar liquid may be a pure liquid or a liquid solution of a mixture of liquids, the components of
which are polar and insoluble in the base liquid. Solid polar materials may be used if they are changed to a
liquid form, such as by heating to melt the solid or by dissolving the solid in a solvent so as to render the
resulting solution polar.

Exemplary of suitable materials which are polar include inorganic materials such as water, salts, weak
acids, weak bases and aqueous solutions thereof and organic materials bearing polar groups such as
organic compounds or polymers bearing nitrogen-containing groups such as in amides, amines, amine
salts, nifriles, imides, imines, lactams, and nitro compounds; oxygen-containing groups such as in ethers,
alcohols such as glycerol, sorbitol, and mannitol, and in carbony! groups such as in ketones, aldehydes,
carboxylic acids and their salts, esters and lactones; phosphorous-containing groups such as in phosphates
and phosphonium salts; sulfur-containing groups such as in sulfones, mercaptans, sulfoxides and sulfides;
and halogens such as in hydrocarbon chlorides, bromides, and iodides. The presence of said polar groups
in the organic material provides a permanent dipole moment and thus provides the polar character in the
organic material.

Examples of nonpolar continuous phase liquids suitable for use in the present invention include parafinic
hydrocarbons, crude and refined petroleum oils, hydrocarbon oils and waxes such as petrolatum, per-
hydrosqualene and paraffin wax; silicone oils such as cyclic and/or linear polydimethylsiloxanes, polyphenyl-
methylsiloxanes, methylsiloxane resins and mixtures thereof; esters, such as lanolin, spermaceti, friglyceride
esters, fatty esters of glycols, alkyl esters of fatty acids such as methyl esters of fatty acids; non-volatile
alcohols, such as cholesterol, lanolin alcohol, lauryl alcohol, cetyl alcohol, oleyl alcohol and stearyl alcohol;
phospholipids; fatty alcohol ethers, such as stearyl ether of polyoxyethylene; and hydrophilic derivatives of
said other emollients.

The emulsion compositions of this invention can comprise from about 1 to about 75, preferably from
about 50 fo about 75 parts by weight of the dispersed phase, from about 5 to about 50 and preferably from
about 10 to about 30 parts by volume of the continuous phase and from about .2 to about 10, preferably
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from about 1 to about 3 parts by volume of an organopolysiloxane emulsifier in accordance with the present
invention, the fotal of dispersed phase, continuous phase and organopolysiloxane emulsifier being 100 parts
by volume.

The emulsion compositions can be prepared by any suitable manner. They are typically prepared by
admixing the polar and nonpolar liquid phases in the presence of the organopolysiloxane emulsifier of the
present invention. Sufficient agitation and/or shear is used to disperse the polar phase as droplets having a
size of preferably less than about 10 micrometers, and most preferably less than about 1 micrometer. Mild
heating of the components may be used to aid in the admixing.

EXAMPLE 1
In accordance with the above general procedure, a cross linked organopolysiloxane-polyoxyalkylene in

accordance with the present invention was prepared based on the following formulation:
15.7% ME3 SiO(MEHSiO)41(30.60)SiME3

36.2% 1st dodecene addition
15.0% 2nd dodecene addition
9.0% Isostearyl alcohol

CH,

23. =CH-CH5 -CHs~ -
3.6% CH2 CH CHZ(O—CHZ—CHZ)lg(O CH2 CH)19 OH
(preneutralized pH 7-8)

0.5% CH, CH,
CH,, =CH-Si-0-8§i—CH=CH
2 , I 2

CH; CH,4

14 ppm Pt. (chloroplatinic acid (2% H»PtCls *6H> O)/IPA) hydrosilation catalyst

As will be appreciated by those skilled in the art, the siloxane backbone material actually includes a
mixture in which the methyl siloxane hydride units may comprise anywhere from approximately 30 to
approximately 60 units on a given siloxane molecule. However, the mean is approximately 41 as indicated.

The dodecene is at 91% olefinic activity. The indicated percentages are by weight. The indicated pH of
the vinyl polyoxyalkylene glycol was determined based on a 15% by weight solution thereof in water.

All of the siloxane backbone material and 10% of the first dodecene addition is loaded into the reactor
with agitation and the pressure is reduced by about 25 millimeters of mercury for one minute, after which
the vessel is backfilled with nitrogen. With a nitrogen sweep, the mixture is heated to 85° C. and 25% of the
catalyst solution and the remainder of the first dodecene addition are added over a period of two to three
hours holding the temperature at 105 to 115°. After all of the first dodecene addition is completed, the
vessel is held at 110° C. for 15 minutes.

The temperature is then dropped to 80° C. and all of the divinyl tetramethylsiloxane cross linking agent
is added along with an additional 25% of the catalyst solution. The vessel reaction temperature is returned
fo 110° and held there for 15 minutes.

At this point, the isostearyl alcohol is added along with the vinyl polyoxyalkylene. The vessel is again
degassed and backfilled as in the first step described above. The use of isostearyl alcohol is pursuant to the
teachings US-A-4,520,160 to Paul L. Brown entitted ORGANOPOLYSILOXANE EMULSIFIER COMPOSI-
TIONS AND METHOD THEREFOR, issued on May 28, 1985, assigned to Dow Corning Corporation of
Midland, Michigan.

Another 30% of the catalyst solution is added and the temperature increased to 110° C. and held there
for 30 minutes. The material should then be clear. If not, additional catalyst is added and the vessel is held
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at 110° C. for another 30 minutes. If the solution is not clear, the polyoxyalkylene has not added.

The remainder of the catalyst is then added to the vessel and it is heated to 120° C. and held there for
30 minutes. The second dodecene addition is then made and the vessel held at 120° C. for an additional
hour. Thereafter, the composition is cooled and removed from the reaction vessel.

The resulting emulsifier which is in accordance with the present invention has the following general
formula:

3

ME ME ME
ME3Si0(%iO)38.37(%i0)(%i0)1-63SiME3
‘Imz 11 ‘,’H?_ ‘!’Hz
CH, CH, f“z
i -
0- (CH,-CH,-0)  (CH, -CH-0) ; g-H
ME-Si-ME
0
ME—%i-ME
THZ
ME ?HZ ME
e

I l
ME,Si0(5i0) 45 54(5i )(?10)1.63SiME

(?“2)11 ME ?"
CH, ?H

CH ME

2

2

2 |
10-(CH,-CH,-0) 4 (CH,-CH-0)  ¢-H

Thus, the emulsifier of this example included no dimethylsiloxane groups, but an average of 38.37
aliphatic added siloxane groups. The numerical values indicated were calculated based on starting
ingredients. The divinyldisiloxane is added at only about .5% by weight, creating one cross link per
polymer.

A number of lots of emulsifier made in accordance with Example 1 and a number of lots of similar prior
art material, obviously not including the cross linking bridges of the present invention, were used to prepare
hand cream emulsions which were subjected to freeze thaw tests and observed for degree of oil separation
and degree of water separation. These emulsions comprised 65% by weight water phase and 35% by
weight oil phase, wherein the emulsifier comprised 2% by weight of the total and is contained in the oil
phase. The emulsions were maintained alternatively at 60° C. for 12 hours and then -12°C. for 12 hours
over a six day period, after which the degree of oil and water separation was observed. A rating of 1 on the
bar chart of Table | below indicates no separation while a rating of 5 indicates extensive separation. The
results are presented in Table | below:
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TABLE I

Temperature Swing Test Over 6 Days 12h: +60°/12h: -12°C.

Lot No. Q0il Separation Water Separation
1 2 3 4 5 ¥ 2 3 4 5

1 T HHHEE

2 HEHHMHEHEEFRER A R

3 HHEHHEEEHEFH .

4 T i

5 HEHEHE R R

6 HEFE R TR FEHEHE

7 R TR

8 T A ‘

9 HHHEHEEE R AR
%g ﬁﬁzﬁ################### zﬁﬁﬁ##################
12 THEHEFHEEE i ‘

13 T THHHR

14 HHHH #HiHHh

15 HHHHF s

16 HHHEHE #HHHs

17 T {HHHA

18 T s

19 T 4

20 AR T F B
21 T FHEHAHHEE
22 T 4

23 HH#HFF it

24 T HHH:

25 HHHHE HiHHS

26 it HHHS

27 - i

Lot numbers 1-21 were all prepared in accordance with the same prior art formulation. Lots 1 and 11-21
were laboratory prepared samples made in accordance with a prior art formulation. Lots 2-10 were
attempted scale-ups of the laboratory preparations. Lots 22-27 were laboratory samples prepared in
accordance with Example 1.

As can be seen by reference to lot samples 1, 11, 14-17 and 19, organopolysiloxane-polyoxyalkylene
emulsifiers made in accordance with the prior art did stabilize the emulsions satisfactorily. However, other
lots made in accordance with the same procedure and formulation, i.e., lots 2, 3, 5-10, 12, 13, 18, 20 and
21, simply did not perform satisfactorily under the freeze thaw test conditions.

In contrast, all of the samples made in accordance with Example 1, lots 22-27 performed satisfactorily
on a reliable repeat basis. No water or oil separation was experienced.

Similarly, differential thermal analyses were conducted on several of the foregoing formulations
generally in accordance with the procedure outlined in an article by C. Millet et al. entitled "Optimization of
External Oil Phase Systems by Differential Thermal Analysis" published in Thermochimica Acta, 67 (1983)
157-165. In each series of tests, a given sample was cycled from -60°C. to +30°C. six times, with a
differential thermal analysis curve plotted for each cycle. To the extent that the curves obtained are closely
similar for all six tests, exceptional emulsion stability is indicated. To the extent that there are significant
variations, a high degree of emulsion instability is indicated.

Fig. 1 shows such a series of DTA graphs for an emulsion made from a prior art emulsifier, specifically
the emulsion of lot 20 above. The degradation of the emulsion over the six cycles is clearly illustrated.

On the other hand, the same cycle tests conducted on an emulsion sample from lot 17 above is shown
in Fig. 2 and indicates a stable emulsion throughout. The difference confirms the unpredictability of
emulsifiers made in accordance with the prior art.

10
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Fig. 3 illustrates the same series of differential thermal analyses done on the same emulsion, but using
an emulsifier made in accordance with the present invention. The consistency of the DTA graphs for cycles
1-6 illustrates the stability of an emulsion made using an emulsifier of the present invention.

EXAMPLES 2-4

Using the cross linked surfactant of the present invention made in accordance with Example |, the
following formulations were made and tested:

OIL PHASE EXAMPLE 2| EXAMPLE 3| EXAMPLE 4
Cross linked 2.00 2.00 2.00
organosiloxane-polyoxyalkylene

Kaydol™ mineral oil 10.00 10.00 10.00
Petrolatum 2.00 2.00 2.00
Lanolin 1.00 1.00 1.00
IPM isopropyl myristate 2.00 2.00 2.00
polydimethyl siloxane emollient (350 1.00 1.00 1.00
centistoke)

15% cyclic pentamer & 85% cyclic 5.00 5.00 5.00
tetramer dimethyl cyclic polysiloxanes

Water 75.00 7410 73.00
NaCl 2.00 2.00 2.00
Glycerin 5.00 5.00 5.00
Organic surfactant

A. Arlacel™ 165 0.90

B. Arlacel™ 83 2.00
C. Span™ 20

The foregoing emulsions were prepared by heating the ingredients of the oil phase and water phase
separately to about 60°C. The water phase is then added to the oil phase with homogenization.
Homogenization continues until the emulsion becomes uniform and a cream develops.

The emulsions of Examples 2-4 all resulted in soft creams. Viscosity of the Example 2 emulsion was
around 20,000 centistokes tested using a Brookfield viscometer, spindle C at 10 rpm. The similarly
determined viscosity of the Example 3 cream was approximately 52,000. The viscosity of the Example 4
cream was approximately 28,000. All three samples were put through a freeze thaw cycle test for four days,
cycling them from freezing to thawing each day. None of the samples had separated at the end of that time.

EXAMPLES 5-7

In Examples 5-7, the same emulsifier used in Examples 2-4 was used to prepare water and oil
emulsions. The table below indicates the variations in ingredients in the emulsions of Examples 5-7:
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OIL PHASE EXAMPLE 5 EXAMPLE 6 EXAMPLE 7
Cross linked organopolysiloxane-polyoxyalkylene 2.00 2.00 2.00
Organic surfactant

A. Arlacel™ 165 0.90

B. Arlacel™ 83 2.00

C. Spans™ 60

D. Span™ 20 1.20
E. Glyceryl Monostearate

Mineral oil 9.00 9.00 9.00
(IPM) Isopropyl myristate 3.00 3.00 3.00
Caprylic/capric triglyceride emollient 4.00 4.00 4.00
polydimethyl siloxane (200 centistoke) 1.00 1.00 1.00
WATER PHASE

Water 72.90 71.80 72.60
KCI 2.00 2.00 2.00
Dowacil™ 200 preservative 0.20 0.20 0.20
Glycerin 5.00 5.00 5.00

As above, the oil phase and water phase ingredients were mixed separately and heated to 60° C. They
were then mixed together with homogenization until uniform.

EXAMPLES 5-7 RESULTS

The emulsions of Examples 5-7 were all soft creams. The approximate viscosities were 44,000 for the
Example 5 material, 13,000 for the Example 6 material and 15,000 for the Example 7 material. All of the
emulsions survived five days of freeze thaw cycling, once each day, without separation.

EXAMPLE 8

In Example 8, two different emulsifiers were prepared simultaneously, one being intentionally cross
linked in accordance with the present invention (flask B material) and the other being made in accordance
with the prior art (flask C material). Emulsions were prepared from the two materials and were monitored for
viscosity over time.

A polydimethylsiloxane-polyoxyethylene-polyoxypropylene copolymer was prepared from a trimethyl-
siloxane end blocked polydimethylsiloxane having a molecular weight of approximately 30,000 and having
an average of approximately four of its dimethylsiloxane units replaced with methylhydrogensiloxane units,
and a random equimolar polyglycol copolymer of ethylene oxide and propylene oxide having an average
molecular weight of approximately 2550 and having allyloxy end groups on one end and hydroxy end
groups on the other end. The reaction was performed by mixing 478.8 g of the siloxane, 130.2 g of the
polyglycol, and 166.9 g of isopropyl alcohol saturated with sodium acetate into a flask (A) equipped for
reflux under a nitrogen blanket. The reaction mixture was catalyzed with 2.63 g of a 1.25% solution by
weight of H2PtCls *6H>O in isopropyl alcohol. The flask contents were then brought to reflux (~85°C.) for
one-half hour. One hundred ninety-three grams of the described reaction mixture was separated and was
analyzed to have approximately 38% of its original hydrogen content available for further reaction. A
stoichiometric amount (0.63 g) of vinyl supplied in the form of tetramethyldivinyldisiloxane was added to the
mixture in flask (B) and the flask was equipped as before. The mixture was brought to reflux for another
one-half hour. Another 193 grams was separated from the original mixture and was allowed tfo reflux for
another one-half hour in flask (C) without the addition of tetramethyldivinyldisiloxane. One hundred fifty-six
grams of a mixture of cyclopolydimethylisiloxanes were added to each of flasks (B) and (C), and the
isopropyl alcohol was then stripped from each flask at 140° C. for one hour at ambient pressure using a
nitrogen purge. In both of these organopolysiloxane-polyoxyalkylene copolymers, there is no aliphatic
radical. X in the general formula above is 0.

Emulsions were prepared from the two materials by mixing approximately 19.2 parts of the emulsifier
(polydimethylsiloxane-polyoxyethylene-polyoxypropylene copolymer dispersed in cyclopolydimethylsilox-
anes) with 78.9 parts of the external phase (a mixture of cyclopolydimethylsiloxanes) and 1.9 parts of the
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internal phase (distilled, deionized water) on an Eppenbach high shear mixer. The emulsions were
monitored for viscosity over time. The emulsion prepared from flask (B) had an initial viscosity of 17,740 cp
and drifted downward to 17,680 cp in 11 days (0.3%). The emulsion prepared from the flask (C) emulsifier
was initially 825 cp in viscosity and drifted downward to 608 cp over 11 days (26%). Thus a more stable
emulsion was produced from the emulsifier which was intentionally cross linked in accordance with the
present invention.

EXAMPLES 9 AND 10

The formulas of Examples 9 and 10 are examples of emulsions which would operate well with the "flask
B" emulsifier of Example 8, wherein "x" as set forth in the general formula is "0."

EXAMPLE 9
INGREDIENT WT%
Oil Phase
Emulsifier of flask B, Example 8 6.00
Cyclomethicone 4.00
Octyl hydroxystearate 6.00
Mink oil 5.00
Stearic acid 3.80
Octyl dimethyl PABA 3.00
Myristyl myristate 1.50
Glyceryl stearate S.E. 1.00
Fragrance qg.s.
Water Phase
Water 65.05
Propylene glycol 3.50
Carbopol 934 0.15
Tetrahydroxypropy! ethylenediamine 1.00
Preservative q.S.
100.00
EXAMPLE 10
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INGREDIENT WT%
Phase A
Emulsifier of flask B, Example 8 5.0
Isocetyl stearate 3.0
Steary! alcohol (and) ceteareth 20 25
Myristyl myristate 25
Phase B
Water 86.5
Carbomer 934 0.3
Triethanolamine 0.2
Fragrance qg.s.
Preservative q.S.
100.0

In each of the above cases, the oil and water phase ingredients are mixed separately, both heated to
70° C. and then the oil phase is added to the water phase with agitation.

EXAMPLE 11

In Example 11, an emulsion of a 2.8% sodium chloride solution in octamethylcyclotetrasiloxane was

emulsified with the emulsifier used in Example 1. The formulation for the emulsion is as follows:
40% octamethylcyclotetrasiloxane
4% emulsifier of Example 1
56% 2.8% sodium chloride in water solution, with all percentages being by weight.

To prepare the emulsion, the octamethylcyclotetrasiloxane and the emulsifier of Example 1 were loaded
into a 600 ml beaker and mixed for one minute using an Eppenbach homogenizer set at 45 volts. The 2.8%
sodium chloride solution was then added over a five minute period, with the homogenizer operating at 55
volts. This was followed by mixing for one minute at 70 volts, 30 seconds at 50 volts and 30 seconds at 60
volts in that sequence.

The octamethylcyclotetrasiloxane constituted the external phase of the emulsion. After three days at
room temperature, no free water and only very slight oil were apparent in the emulsion. After three days in
an oven at 60° C., the stability results were the same.

Claims

1. An organopolysiloxane-polyoxyalkylene-emulsifier comprising:

at least two organopolysiloxane-polyoxyalkylene molecules cross linked by a cross linking radical -CHa-
CHR;-R'-CHR1-CHz- having saturated SiC bonds to the organopolysiloxane-polyoxyalkylene molecules,
where R’ is selected from the group consisting of organic Ci to Cio alkylene, cycloalkylene, divalent
aromatic radicals, -CH»-O-CH- and organosiloxane radicals, where R, is independently selected from
the group consisting of the hydrogen atom and 1-3 carbon aliphatic radicals,

the bonds to the organopolysiloxane-polyoxyalkylene molecules and the internal bonds of the cross
linking radical being non-hydrolysable under conditions inducing hydrolysis, which could result in the
separation of the two organopolysiloxane-polyoxyalkylene molecules.

2. The emulsifier of claim 1 having the following general formula:
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blﬂ:‘. ME ME ME

vty . . I . l . I .

R (ME)2510(?10)X(|SJ.0)C (?1.0)z (?lo)ySi(ME)ZR’ '

5 R

(IZHZ ME (IZHZ
CHR
[t i
R' CI-I2 ME
10 I | '
fIJHkl 0-(CH,-CH,-0)_(CH,-CH-0), R"
blﬂ': CZ-I2 ME ME
rre : . ) ‘ . I N .
s R (ME)ZSIO(SIO)X(SJ.O)C (5i0)_ (Si0)_Si(ME),R'''
| | | F y 2
R ME ME
ik
20 (IZHZ
CI)CH i (CH,-CH TE
- -0 - - "
. 2-CH,-0),(CH,-CH-0), R
where
ME = CHgs-;
R = 2 1o 25 carbon aliphatic radical;

30 R' = organic or organosiloxane group as defined in claim 1, which contains no hydrolyzable
bonds, is not adversely reactive with the ingredients the emulsifier is to stabilize and
does not interfere with the organopolysiloxane-polyoxyalkylene formation;

R" = a terminal group which is not adversely reactive with the ingredients the emulsifier is

o stabilize and does not interfere with the organopolysiloxane-polyoxyalkylene forma-

35 tion;

R"™ = 1 to 25 carbon aliphatic radical, which can be different for each different location;

R4 as defined in claim 1,

X = 0-100;

c 1-5;
40 z 0-600;

y = 1-10;

X+ty+zz2 40;

a= 4-40;

b= 0-40;

45 g 2 1.

A method of producing an organopolysiloxane-polyoxyalkylene emulsifier according to claim 1 compris-
ing intentionally cross linking at least two organopolysiloxane-polyoxyalkylene molecules with a cross
linking compound of the formula CH, = CHR-R'-CHR; = CH2, with R’ and R; as defined in claim 1, the

50 reactive terminal vinyl group at each end being capable of forming saturated SiC bonds, the bonds to

the organopolysiloxane-polyoxyalkylene molecules and the internal bonds of the cross linking radical
being non-hydrolysable under conditions inducing hydrolysis, which could separate and breach the link
between the two organopolysiloxane-polyoxyalkylene molecules.

55 The method of claim 3 in which the resulting cross linked organopolysiloxane-polyoxyalkylene emulsi-

fier comprises the following general formula:
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ME ME ME ME

o NN N |
R (ME)ZSLO(TLO)X(?IO)C (510), (510) si(ME) R

R CH ME CH

| 2 |

?Hkl f”z

Ill' CH2 P|‘IE

(I:HRI O-(CHZ-CHZ—O)a(CHZ—CH-O)b R"
ME CHZ ME ME

t vy : ]- . . I
R (ME)ZSIO(TIO)X(TIO)C (TIO)Z (510) Si(ME),R' "

ME ME

_0.._.__._.
yors

NNN

ME

°T8 4

|
- (CH,-CH,-0)_(CH,-CH-0), R

where

ME = CHgs-;

R = 2 1o 25 carbon aliphatic radical;

R' = organic or organosiloxane group as defined in claim 1, which contains no hydrolyzable
bonds, is not adversely reactive with the ingredients the emulsifier is to stabilize and
does not interfere with the organopolysiloxane-polyoxyalkylene formation;

R" = a terminal group which is not adversely reactive with the ingredients the emulsifier is
o stabilize and does not interfere with the organopolysiloxane-polyoxyalkylene forma-
tion;

R"™ = 1 to 25 carbon aliphatic radical, which can be different for each different location;

R4 as defined in claim 1,

X = 0-100;

c = 1-5;

z = 0-600;

y = 1-10;

X+ty+zz2 40;

a= 4-40;

b= 0-40;

2 > 1

said emulsifier being formed by the vinyl addition of the following ingredients to the silicon hydride
component of an organopolysiloxane of the general formula

where

ME ME
" s '
R™(ME), S10($10), .., (S10), S1(ME), R"
1
H ME

0-100;
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c= 1-5;
y 1-10; and
z = 0-600:

(1) a vinyl terminated aliphatic radical precurser of radical R;
(2) a divinyl terminated cross liking agent of the general formula:

where

R' = organic or organosiloxane group as defined in claim 1, which contains no
hydrolyzable bonds, is not adversely reactive with the ingredients the emulsifier is to
stabilize and does not interfere with the organopolysiloxane-polyoxyalkylene formation;

Rs = is hydrogen or a 1-3 carbon group; and
R> = may be the same as Ri or another of hydrogen or a 1-3 carbon group:
and

(3) a vinyl terminated polyoxyalkylene of the general formula:

I
CHZ=CH‘CH2‘0‘ (CHZ-CHZ-O)a(CHZ_CH-O)bR"

where a = 4-40;

b = 0-40;

g2 21;and

R" = a terminal group which is not adversely reactive with the ingredients the emulsifier
is to stabilize and does not interfere with the organopolysiloxane-polyoxyalkylene forma-
tion.

The method of claim 4 in which all of said organopolysiloxane and only a portion of said vinyl
terminated aliphatic radical precurser are introduced into a reaction vessel and reacted in the presence
of a hydrosilation catalyst; followed by the introduction and reaction of said divinyl cross linking agent
in the presence of a hydrosilation catalyst; followed by the introduction and reaction of said vinyl
polyoxyalkylene in the presence of a hydrosilation catalyst; followed by a final addition of the remainder
of said vinyl terminated aliphatic radical precurser, whereby the addition of only a portion of said vinyl
terminated aliphatic radical precurser initially insures that cross linking will occur upon addition of said
divinyl terminated cross linking agent.

Use of an emulsifier according to claim 1 or 2 in a method for preparing polar in nonpolar liquid
emulsions comprising introducing into a mixture thereof an emulsifying amount of the emulsifier
according to claim 1 or 2.

Patentanspriiche

Organopolysiloxan-Polyoxyalkylen-Emulgator enthaltend: mindestens zwei Organopolysiloxan-Polyoxy-
alkylenmolekile, die durch einen vernetzenden Rest -CH>-CHR;-R'-CHR:-CH,- mit geséttigten SiC-
Bindungen mit den Organopolysiloxan-Polyoxyalkylen-Molekiilen vernetzt sind, wobei R’ ausgewahlt ist
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aus der Gruppe bestehend aus organischen C1-Cio Alkylen, Cycloalkylen, zweiwertigen aromatischen
Resten, -CH»-0-CHz- und Organosiloxanresten, wobei Ry unabhdngig ausgewahlt ist aus der Gruppe
bestehend aus dem Wasserstoffatom und aliphatischen Resten mit 1-3 Kohlenstoffatomen, wobei die
Bindungen mit den Organopolysiloxan-Polyoxyalkylen-Molekilen und die inneren Bindungen des ver-
netzenden Restes unter Bedingungen, die, Hydrolyse auslosen, die Trennung der zwei
Organopolysiloxan-Polyoxyalkylen-Molekiile bewirken k&nnte, nicht hydrolysierbar sind.

Emulgator nach Anspruch 1,

dadurch gekennzeichnet,
daB er die nachfolgende allgemeine Formel aufweist:

ME ME ME ‘ME

N | | | |
R’ (ME)ZSiO(?iO)x(SiO)c (?iO)z (?iO)ySi(ME)ZR"v

|

R ?HZ ME (|:H2
m
: 5 .
cl:z-m1 | 0-(CH,-CH,-0) (CH,-CH-0), R |
ME Cd ME ME !
| 2 | |
R (ME)ZSiO(TiO)x(TiO)C (TiO)z (SiO)ySi(ME)zR"'
R ME ME ‘
faz
i N
T2 .
0 - (CH,-CH,-0)_(CH,-CH-0), R

in der ME = CHs- ist, R ein aliphatischer Rest mit 2-25 Kohlenstoffatomen ist, R’ eine organische oder
Organosiloxangruppe, wie in Anspruch 1 angegeben, ist, die keine hydrolysierbaren Bindungen enthilt,
nicht nachteilig reaktiv ist mit den Bestandteilen, die der Emulgator stabilisiert, und die die
Organopolysiloxan-Polyoxyalkylenbildung nicht stdrt, R" eine Endgruppe ist, die nicht nachteilig reaktiv
ist mit den Bestandteilen, die der Emulgator stabilisiert, und die die Organopolysiloxan-Polyoxyalkylen-
bildung nicht stdrt, R™ ein aliphatischer Rest mit 1-25 Kohlenstoffatomen ist, der an jeder unterschiedli-
chen Stelle unterschiedlich sein kann, Ry die in Anspruch 1 angegebene Bedeutung hat, x 0-100 ist, ¢
1-5 ist, z 0-600 ist, y 1-10 ist, x+y +z = 40 ist, a 4-40 ist, b 0-40 ist, § 2 1 ist.

Verfahren zum Herstellen eines Organopolysiloxan-Polyoxyalkylen-Emulgators nach Anspruch 1 durch
bewuBtes Vernetzen von mindestens zwei Organopolysiloxan-Polyoxyalkylen-Molekilen mit einer ver-
netzenden Verbindung der Formel CH; =CHR:-R'-CHRs =CHz, in der R' und Ry die in Anspruch 1
angegebene Bedeutung haben, wobei die reaktiven Vinylendgruppen an jedem Ende gesittigte SiC-
Bindungen ausbilden k&nnen, wobei die Bindungen mit den Organopolysiloxan-Polyoxyalkylen-Molek-
Ulen und die inneren Bindungen des vernetzenden Restes unter Bedingungen, die Hydrolyse auslsen,
die Trennung und Brechen der Verbindung zwischen den zwei Organopolysiloxan-Polyoxyalkylen-
Molekiilen bewirken kann, nicht hydrolysierbar sind.

Verfahren nach Anspruch 3,

dadurch gekennzeichnet,
daB der erhaltene vernetzte Organopolysiloxan-Polyoxyalkylen-Emulgator die folgende allgemeine For-

18



EP 0 298 402 B1

mel aufweist:

ME ME ME ME

I !
5 R"'(I“!!Z)ZSiO(TiCJ)x([?i())c (l?:i.O)z (%iO)ySi(ME)ZR"'

R (sz ME !CHZ
: -
:
CIZHR1 O-(C'n2~C'd2~O)a(CH2-C'd—O)b R
s ME Ry ME ME
Ry.v(ME)ZSiO(?iO)x(?iO)C (?iO)z (?iO)ySi(ME)ZR
¥
R ME ME |
20 |CH2
‘I"Hz
C4., ME
25 I - [ "
o - (CHZ-CH2~O)a(C':I2-CH-O)b R |

in der ME = CHjs - ist, R ein aliphatischer Rest mit 2-25 Kohlenstoffatomen ist, R' eine organische oder
Organosiloxangruppe, wie in Anspruch 1 angegeben, ist, die keine hydrolysierbaren Bindungen enthilt,
30 nicht nachteilig reaktiv ist mit den Bestandteilen, die der Emulgator stabilisiert, und die die
Organopolysiloxan-Polyoxyalkylenbildung nicht stdrt, R" eine Endgruppe ist, die nicht nachteilig reaktiv
ist mit den Bestandteilen, die der Emulgator stabilisiert, und die die Organopolysiloxan-Polyoxyalkylen-
bildung nicht stdrt, R™ ein aliphatischer Rest mit 1-25 Kohlenstoffatomen ist, der an jeder unterschiedli-
chen Stelle unterschiedlich sein kann, Ry die in Anspruch 1 angegebene Bedeutung hat, x 0-100 ist, ¢
35 1-5 ist, z 0-600 ist, y 1-10 ist, x +y +z = 40 ist, a 4-40 ist, b 0-40 ist, & = 1 ist,
der Emulgator durch Vinyladdition der folgenden Bestandteile zu dem Silanbestandteil eines Organopo-
lysiloxans der allgemeinen Formel

ME ME
40 | l
R"'(ME) Si0(Sio0) (Si0) Si(ME) R"'
2 | X+C+y ) | z 2
i H ME
gebildet wird, in der x 0-100 ist, ¢ 1-5 ist, y 1-10 ist und z 0-600 ist:

(1) ein eine endstindige Vinylgruppe aufweisender Vorldufer des aliphatischen Restes R,
50 (2) ein zwei endstdndige Vinylgruppen aufweisendes Vernetzungsmittel der allgemeinen Formel

CH2 =CHR1-R'-CHR1 =CH2

in der R’ eine organische oder Organosiloxangruppe, wie in Anspruch 1 angegeben, ist, die keine
55 hydrolysierbaren Bindungen enthdlt, nicht nachteilig reaktiv ist mit den Bestandteilen, die der

Emulgator stabilisiert, und die die Organopolysiloxan-Polyoxyalkylenbildung nicht stort, Ri ist

Wasserstoff oder eine Ci1-C3 Kohlenstoffe enthaltende Gruppe und R, = Ry oder ein anderer

Wasserstoff oder eine 1-3 Kohlenstoffe enthaltende Gruppe sein kann, und
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(3) ein Polyoxyalkylen mit endstdndigem Vinyl der allgemeinen Formel

ME

CH =CH-CH -0-(CH -CH -0 CH -CH- "
2 2 ( 2 2 )a( 2 f O)bR

in der a 4-40 ist, b 0-40 ist, 2 2 1 ist und
R" eine Endgruppe ist, die nicht nachteilig reaktiv ist mit den Bestandteilen, die der Emulgator
stabilisiert, und die die Organopolysiloxan-Polyoxyalkylenbildung nicht st&rt.

Verfahren nach Anspruch 4,

dadurch gekennzeichnet,

daB das gesamte Organopolysiloxan und nur ein Teil des eine endstidndige Vinylgruppe aufweisenden
Vorldufers des aliphatischen Restes in einen Reaktionsbehdlter eingebracht werden und in Gegenwart
eines Hydrosilierungskatalysators umgesetzt werden, anschliefend Zugabe und Umsetzung des zwei
Vinylgruppen aufweisenden Vernetzungsmittels in Gegenwart eines Hydrosilierungskatalysators, an-
schlieBend Zugabe und Umsetzung des Vinylpolyoxyalkylens in Gegenwart eines Hydrosilierungskata-
lysators, danach die abschlieBende Zugabe des verbliebenen, eine endstiandige Vinylgruppe aufweisen-
den Vorldufers des aliphatischen Restes erfolgt, wobei die Zugabe nur eines Teils des eine endstandi-
ge Vinylgruppe aufweisenden Vorldufers des aliphatischen Restes primir sicherstellt, daB nach Zugabe
des zwei endstdndige Vinylgruppen aufweisenden Vernetzungsmittel Vernetzung eintritt.

Verwendung des Emulgators nach Anspruch 1 oder 2 bei einem Verfahren zur Herstellung flissiger
polarer-innichtpolarer Emulsionen durch Einbringen einer emulgierenden Menge des Emulgators nach
Anspruch 1 oder 2 in eine Mischung derselben.

Revendications

Un émulsionnant du type organopolysiloxanepolyoxyalkyléne comprenant :

au moins deux molécules d'organopolysiloxane-polyoxyalkyléne reliées par un radical de réticula-
tion -CHz-CHR;-R'-CHR;-CH2- ayant des liaisons SiC saturées avec les molécules
d'organopolysiloxane-polyoxyalkyléne, oll R' est choisi dans le groupe formé par les radicaux organi-
ques alkylenes en Ci & Cio, cycloalkylénes, aromatiques divalents, -CH2-O-CHz- et les radicaux
organosiloxanes, et Ry est choisi indépendamment dans le groupe formé par I'atome d'hydrogéne et
les radicaux aliphatiques de 1 & 3 atomes de carbone,

les liaisons avec les molécules d'organopolysiloxane-polyoxyalkyléne et les liaisons internes du
radical de réficulation n'étant pas hydrolysables dans des conditions induisant de I'hydrolyse, qui
pourraient entrainer la séparation des deux molécules d'organopolysiloxane-polyoxyalkyléne.

L'émulsionnant de la revendication 1, répondant & la formule générale suivante :
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[ R
R"'(ME)ZSiO(?iO)x(?iO)c (.T»J'.O)z (?iO)YSi(ME)ZR"'

cd
R ] 2 ME CIZHZ
clz':ml (]:HZ
R' cd ME
| | 2 | ,
CIHR-L O-(CHZ-CHZ-O)a(CHZ-u:I-O)b R
ME 19734 ME ME
R''"'"(ME 5'090 éz " l' i T
(ME),510( IL )£ ( Il ) e (?lO)z (810),5i(ME),R
R ME ME l
- faz
i
Eo
o - (CHZ-CHZ-O)a(CHZ-CH-O)b R
ou

ME = CHs- ;

R = radical aliphatique de 2 4 25 atomes de carbone ;

R' = radical organique ou organosiloxane tel que défini dans la revendication 1, qui ne
contient pas de liaisons hydrolysables, ne réagit pas nuisiblement avec les ingrédients
que I'émulsionnant doit stabiliser et ne géne pas la formation d' organopolysiloxane-
polyoxyalkyléne ;

R" = un groupe terminal qui ne réagit pas nuisiblement avec les ingrédients que I'émulsion-
nant doit stabiliser et ne géne pas la formation d'organopolysiloxane-polyoxyalkyléne ;

R = radical aliphatique de 1 4 25 atomes de carbone, qui peut étre différent pour chaque
emplacement différent ;

Ri = tel que défini dans la revendication 1 ;

X = 023100;

c = 145

z = 0 2 600 ;

y = 1210

X+ty+zz2 40 ;

a= 4340

b= 04240;

22 1.

3. Un procédé de production d'un émulsionnant du type organopolysiloxane-polyoxyalkylene selon la
revendication 1, consistant 2 réticuler volontairement au moins deux molécules d'organopolysiloxane-
polyoxyalkyléne avec un composé de réticulation de la formule CHz = CHR;-R'-CHR; =CHa, R' et Ry
étant tels que définis dans la revendication 1, les groupes vinyle terminaux réactifs situés 2 chaque
extrémité étant capables de former des liaisons SiC saiurées, les liaisons avec les molécules
d'organopolysiloxane-polyoxyalkyléne et les liaisons internes du radical de réticulation n'dtant pas
hydrolysables dans des conditions induisant de I'hydrolyse, qui pourraient séparer et rompre la liaison
entre les deux molécules d'organopolysiloxane-polyalcoxyléne.

4. Le procédé de la revendication 3, dans lequel I'émulsionnant du type organopolysiloxane-polyoxyalky-
I&ne réticulé résultant répond & la formule générale suivante :
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ME ME ME ME
I | |

| . .
R (ME)ZSLO(TLO)x(§lO)c (?lO)z (?lO)ySL(ME)ZR

R i, ME CH.,

| P “

2y CHy

R CH, ME

I i *

CHR, 0-(CH.-CH,-9) , (Ci,-CH-9), R
ME  CH, ME ME

| ; ;
R (ME)ZSiQ(?.'LO)x(?iO)c (?J’.O)z (:SiO)ySi(ME)ZR' )

R ME ME |
. ICHZ -
CI"Hz
Cd, ME
“ l
"
Qg - (CHZ~CHZ-O)3(CHZ-CH-O)b R
ou

ME = CHs- ;

R = radical aliphatique de 2 4 25 atomes de carbone ;

R' = radical organique ou organosiloxane tel que défini dans la revendication 1, qui ne
contient pas de liaisons hydrolysables, ne réagit pas nuisiblement avec les ingrédients
que I'émulsionnant doit stabiliser et ne géne pas la formation d'organopolysiloxane-
polyoxyalkyléne ;

R" = un groupe terminal qui ne réagit pas nuisiblement avec les ingrédients que I'émulsion-
nant doit stabiliser et ne géne pas la formation d'organopolysiloxane-polyoxyalkyléne ;

R = radical aliphatique de 1 4 25 atomes de carbone, qui peut étre différent pour chaque
emplacement différent ;

Ri = tel que défini dans la revendication 1 ;

X = 023100;

c = 145

z = 0 2 600 ;

y = 1310;

X+ty+zz2 40 ;

a= 4340

b= 04240;

22 1

ledit émulsionnant étant formé par I'addition vinylique des ingrédients suivants au composant hydrure

de silicium d'un organopolysiloxane de la formule générale

ME ME
] : : ",

RW(ME)ZSiO(?iO)(x,C,,)(§10)zS1(ME)2R'
H ME

= 02100;
= 145;
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y = 1310 ; et

z = 0 4600 ;

(1) un précurseur de radical aliphatique R, terminé par un groupe vinyle ;

(2) un agent de réticulation terminé par deux groupes vinyle de la formule générale :

?‘z
[
R L}
l
CHRy
1
CH,
<
ou
R' = radical organique ou organosiloxane tel que défini dans la revendication 1, qui ne
contient pas de liaisons hydrolysables, ne réagit pas nuisiblement avec les ingrédients
que I'émulsionnant doit stabiliser et ne géne pas la formation d'organopolysiloxane-
polyoxyalkyléne ;
R1 est I'nydrogéne ou un groupe de 1 & 3 atomes de carbone ; et
Rz peut étre identique & Ry ou une autre espéce choisie parmi I'nydrogéne et les groupes
de 1 & 3 atomes de carbone ;
et

(3) un polyoxyalkyléne terminé par un groupe vinyle de la formule générale :

ME
=CH-C4., -0~ -cd., - -CH-0), R"
CHZ CH CHZ Q (C’:Iz CI-I2 O)a.(CHZ )b
ou

a= 4340;

b = 04240;

2 > 1;et

R" = un groupe terminal qui ne réagit pas nuisiblement avec les ingrédients que I'émulsion-

nant doit stabiliser et ne géne pas la formation d'organopolysiloxane-polyoxyalkyléne.

Le procédé de la revendication 4, dans lequel la totalité dudit organopolysiloxane et une partie
seulement du précurseur de radical aliphatique terminé par un groupe vinyle sont introduits dans un
récipient réactionnel et amenés 2 réagir en présence d'un catalyseur d'hydrosilylation ; puis ledit agent
de réticulation terminé par deux groupes vinyle est infroduit et amené 2 réagir en présence d'un
catalyseur d'hydrosilylation ; puis ledit vinylpolyoxyalkyléne est introduit et amené & réagir en présence
d'un catalyseur d'hydrosilylation ; puis une addition finale du reste du précurseur de radical aliphatique
terminé par un groupe vinyle est effectuée, si bien que l'addition d'une partie seulement dudit
précurseur de radical aliphatique terminé par un groupe vinyle assure initialement qu'une réticulation
aura lieu lors de I'addition dudit agent de réticulation terminé par deux groupes vinyle.

Utilisation d'un émulsionnant selon la revendication 1 ou 2 dans un procédé pour préparer des

émulsions de liquide polaire dans un liquide non polaire comprenant I'introduction, dans un mélange de
ceux-ci, d'une quantité 3 effet émulsionnant de I'émulsionnant selon la revendication 1 ou 2.
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